Ridit analysis is a simple and a suitable method for analyzing the ordinal data, where the natural ordering of the variable under study is very important. This paper presents the utility and usefulness of the ridit analysis of the graded severity of anemia among the children and pregnant women in the Andhra Pradesh state, India. Application of ridit analysis to study the severity of anemia among the vulnerable groups in the state is sparse. The present study aims at to assess the severity of anemia among the children and pregnant women in the state and also to compare the distribution of severity of anemia among different socio-demographic characteristics of the respondents using the ridit analysis. The highest prevalence of severe anemia (21.2 %) is observed among the children (6-59 months), whereas it was around 10 % in the adolescents and pregnant women in the state. From the ridit analysis, it is observed that the children and pregnant women in the rural areas of the state having a higher estimated probability of severe anemia as compared to the urban subjects. There is a lower chance of severe anemia among the children and pregnant women from the other castes as compared to the scheduled castes or tribes in the state.
Introduction
Health and nutrition surveys measure the characteristics in mixed scales, such as, nominal, ordinal and ratio scales. The nominal variables simply categorize the subjects, for example, gender (male, female), religion (Hindu, Muslim, Christian, others) or caste, whereas, the variables on an ordinal scale (nominal with an order) include, different stages of cancer, levels of depression, graded severity of diseases and the ratings on a Likert scale (Sermeus & Delesie; 1996) . Sometimes, a quantitative variable transformed into an ordinal variable, which will produce meaningful findings that are easily understandable to a wide audience. For example, stages of hypertension based on the values of blood pressure (Chobanian et al. 2003) , graded severity of anemia on the basis of haemoglobin values (WHO, 2011) and the stages of chronic energy deficiency determined using the values of body mass index (James et al. 1988 ; WHO, 2004) . The fundamental difference between the nominal and ordinal scale is that the nominal scale provides categorization of data only, whereas the ordinal scale rank the different categories according to some criterion/disease severity. The statistical operations for ordinal level data are very limited. The conventional methods such as chi-square tests, and non-parametric alternatives to t-tests and analysis of variance may be performed, but important information on the natural ordering of the categories would be lost (Bross, 1958; Agresti, 2010) . Bross (1958) developed the ridit analysis for handling of the ordinal data. The first three letters of the ridit stand for relative to an identified distribution and it named in analogy to probits and logits. The probits refers to a normal distribution, whereas, the ridit relates to an observed, empirical distribution under an ordered setup of the dependent variable. This method is used for comparing the ordinal scale responses such as the degree of pain, degree of injury, levels of satisfaction, preference or agreement (Dogan and Dogan, 2007) . The ridit method has found applications in different fields of study, including epidemiology, biomedicine, psychology, animal studies, business management and behavioural studies (Wahi et al. 1965; Fleiss et al. 1979; Venkaiah et al. 1992; Donaldson, 1998; Feinstein 2002; Kaushal, 2013; Li et al. 2015; Han et al. 2015; Sadhukhan et al. 2015 and Origer et al. 2015 ). An excellent review on the ridit analysis and its uses are presented by Brockett & Levine (1977) , Selvin (1977) , Jansen (1984) , Fleiss (1986) , Bullimore (1988) , Beder& Heim (1990), Sermeus&Delesie (1996), Marion (1996) , and Bilgin(2003) . Ridit analysis is a useful and relatively simple method for ordinal level data, in the situations where the appropriateness of parametric and/or continuous data methods are unclear. The basic intent of the IASSL ISSN-2424-6271 51 ridit analysis is to make comparisons across samples of relative frequency distributions of random variable measured on an ordinal scale (Schnell et al. 1995 ).
An attempt has been made to use the methodology of the ridit analysis to assess the severity of anemia among the children and pregnant women, across the different socio-demographic characteristics in Andhra Pradesh State in India. The association between the demographic variables and severity of anemia is studied using the Chi -square test. The ridits computed for each category of the demographic variables, and then tested homogeneity of the ridits using the Kruskal-Wallis test (K-W test). The statistical significance of differences between two mean ridits evaluated with a Z-test. The following section explains the computational procedure of ridits and the source of data.
Methodology
In riditanalysis, ordinal data of a particular group istransformed to a probability scale. The average ridit is an estimate of the chance that an individual in a given group is worse off or better off than an individual in the reference group. If a control group is readily available, then it can be considered as a reference group, otherwise, the distribution of the pooled data may be considered as an identified distribution. Ideally, a large sample establishes the reference distribution (Pouplard et al. 1997 ). The effective use of ridit analysis depends on the proper selection of identified or reference group (Kantor and Winkelstein, 1969) . A computational procedure of ridit scores for the reference group or control group is given below: Let there be k categories represent the lowest to highest severity of the disease or study criterion and the frequency in the i th category of the reference group is i f for i=1, 2,…, k. The total number of observations in the reference group is
The ridit score of the i th category in the reference group is given by where t r is the ridit of the t th category in the reference group. The mean ridit of the reference group is always equivalent to 0.5. As a probability, the mean ridit theoretically lies in between 0 and 1. If a group's mean ridit is greater than 0.5, its members tend to have more severe grade than the members of the reference group. The standard error of the average ridit is given by , where j=1,2,…m and m=number of comparison groups and the statistic has a Chi-Square distribution with (m-1) degrees of freedom. If the null hypothesis is rejected, there exists a significant difference in the disease patterns between the reference group and comparison groups. The difference between two mean ridits of the two different comparison groups ( 1 r and 2 r )
having the same reference group is tested by the statistic An attempt is made to illustrate the utility and usefulness of ridit analysis using the prevalence data on anemia among the children, adolescents and pregnant women by selected demographic characteristics reported in the fourth round of the District Level Household and Facility Survey (DLHS-4) of Andhra Pradesh state conducted during 2012-13. The data presents the anemia status based on the haemoglobin level, is categorized into the four levels namely, normal (≥11.0g/dl), mild anemia (10.0-10.9 g/dl), moderate anemia (7.0-9.9 g/dl) and severe anemia (<7.0 g/dl) (WHO, 2011). For the ridit analysis, the distribution for the entire sample will serve as the reference group under each one of the demographic characteristics of the respondents.
Results and Discussion
The prevalence of anemia is 79.2% and 71.6%, respectively, for the children (6-59 months) and pregnant women in the state. The prevalence of severe anemia is about 10%among the school going children and adolescents (6-19 years) in the state. The prevalence of severe anemia is observed highest (21.2%) among the children aged 6-59 months as compared to the other children and pregnant women in the state (DLHS-4). Table 1 shows the distribution of the children aged 6-59 months, according to their demographic characteristics and severity of anemia. A significant association between residence area and anemia severity among the children is observed by Chi-square ( 2  ) test (p<0.05) and there is no significant association between the gender and caste with the anemia severity among the under five year old children in the state. The mean ridits for the below five year old children suggest that, the anemia severity is higher in boys, rural children, Scheduled caste (SC) and Scheduled Tribes (ST) children in the state. The mean ridit for ST children is 0.527 and is the estimated probability that a randomly selected child from this group have a greater severity of anemia than a randomly selected child from the reference group. If a ridit value less than the 0.5, we would infer that, a child likely to have less severity of anemia than the children of the reference group. Urban children are less likely to be in a higher severity of anemia than the reference group. The Kruskal-Wallis (K-W) test reveals that, the mean ridits of rural and urban children are significantly different from the reference group.
54 ISSN-2424-6271 IASSL Figure 1 . Confidence intervals of the mean ridits for severity of anemia among the below five year old children in Andhra Pradesh Figure 1 provides the mean ridits and their confidence intervals. There is an evidence that, two of the eight groups differ substantially from the reference group (ridit<0.5). The prevalence of severe anemia is comparatively less in urban children and also in the children of other castes (OCs). Table 2 shows the pair wise comparison of the mean ridits of different groups associated with the below five year old children. There is a significant difference in the mean ridits of rural and urban children and rural children have higher prevalence of severe anemia as compared to the urban children. Similarly, there is a significant difference between the mean ridits of ST and OCs, where severity of anemia is observed more in ST children as compared to the children from the community of OCs.
IASSL ISSN-2424-6271 55 Figure 2 . Confidence intervals of the mean ridits for severity of anemia among the school going/adolescent population (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) year old) in Andhra Pradesh. Figure 2 shows a clear trend in the mean ridits for age of the respondents and education status. The pair wise comparisons (Table 4) show a significantdifference in the mean ridits among the respondents aged below 16 years. The mean ridits are significantly different in both of the genders. The severity of anemia is statistically similar in the respondents from the urban and rural areas.
The Chi-square analysis reveals that, the severity of anemia significantly associated with the age, gender, residence area, education and caste of school going children and adolescent population (aged 6-19 years). The mean ridit score is decreasing as the age of the respondents is increasing and also observed that, the children having age in between 6-10 years are likely to have a higher severity of anemia as compared to the children of reference group. Female respondents are more likely to have a higher severity of anemia as compared to the reference group. The mean ridits are decreasing as the education level increases and the respondents with low level of education are likely to have a higher severity of anemia as compared to the respondents from the reference group. There is a higher chance of anemia severity among SC children as compared to the children from the reference group (Table 3) .
The K-W test shows that, the mean ridits of the age groups, gender, education status and caste groups are significantly different from the mean ridit of the reference group. We can rank the caste categories on the basis of their ridit scores 56 ISSN-2424-6271 IASSL from lowest to highest severity, which results the ordering as OCs first, STs second, other backward castes (OBCs) third and SC are lying on the last of the scale of anemia severity. Similarly, 10 or more years of education is first, 5-9 years of education is second, less than five years of education is third and nonliterates are lying on the last of the scale of anemia severity (Table 3 ). It is observed that, the chance of severe anemia is statistically significant in SC andSTs, SC andOCs and OBC andOCs ( Table 4 ).
Figure 3. Confidence intervals of the mean ridits for severity of anemia among the pregnant women in Andhra Pradesh
It is clear that, the pregnant women in the age group 40-49 years are likely to have low severity of anemia as compared to the pregnant women from the other age groups. The mean ridit of severity of anemia in pregnant women with age 30-39 and 40-49 is statistically significant at the 5% level of significance. The mean ridits of rural and urban subjects are also significant. The mean ridits of pregnant women with the education status as non-literate and 10 or more years of education are significant; similarly, the severity of anemia in the groups of 5-9 years of education and ten or more years of education are also significant at the 5% level of significance ( Figure 3 , Table 6 ).
The Chi-Square tests shows that, the residential area and the anemia severity are significantly associated at 5% level of significance. The mean ridits for the pregnant women aged 15-19 years and 30-39 years havemore than 0.5 p-values, which imply that, a randomly selected pregnant woman from these two age groups have a higher estimated probability of severe anemia as compared to the IASSL ISSN-2424-6271 57 pregnant women from the reference group (Table 5) . It is observed from Table 6 , there are no significant differences in the distribution of the severity of anemia among the pregnant women in different caste groups. However, there is a significant difference is observed between the residential area and the severity of anemia among the pregnant women.
It is observed that, there is an impact of residential area on the severity of anemia among under five year old children and pregnant women in the Andhra Pradesh state. Gender and caste are also highly associated with the severity of anemia among the school going children/adolescents aged 6-19 years in . The lower risk of severe anemia observed among the children and pregnant women from the OCs as compared to SC/STs in the state.
Conclusion
The anemia severity distribution is significantly different in rural and urban areas among under five year old children and pregnant women in Andhra Pradesh state. Similarly, the anemia severity pattern is different in males and females aged between 6-19 years.The risk of anemia severity reduces as the age and education status of the respondents increasesin the school going and adolescent population.
The ridit analysis is considered to be a better choice for analyzing the ordinal categorical data, as compared to the Chi-square test, as it takes care of ordering. This method can also be applied to the contingency tables with low cell frequencies and it does not require entire data, unlike, in the logistic regression methods. Moreover, the ridit method can also be used to rank the demographic characteristics on the basis of the ridit scores of the disease severity and it can also be used for identifying the key characteristics associated with the severity of the disease. In conclusion, the ridit method is simple, easy to compute and does not require any sophisticated software to analyze data.
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